Richardson's Ground Squirrels (Urocitellus richardsonii) prefer to establish their burrow systems in fields with shorter vegetation and good visibility. Between 2001 and 2009, warm weather and low precipitation, creating ideal environmental conditions for this species, were common throughout Saskatchewan. We therefore hypothesized that Richardson's Ground Squirrels would be abundant throughout the agricultural region of the province and would be relatively more abundant in fields with shorter vegetation. In May and June 2008, we selected a total of 36 study plots of 0.49 ha each in 12 randomly selected rural municipalities in the Brown, Dark Brown, Black, and Gray soil zones. Using visual counts of Richardson's Ground Squirrels and counts of burrow entrances, we found that Richardson's Ground Squirrels were abundant across the agricultural region of the province, but densities of Richardson's Ground Squirrels and densities of burrow entrances were generally higher in the drier Brown soil zone than in the other soil zones. In 2009 and 2010, in a study of the effect of vegetation height on the abundance of Richardson's Ground Squirrels in the Brown soil zone, we found that densities of burrow entrances in five study plots with vegetation ≥15 cm in height were significantly (P < 0.05) lower than densities recorded in five adjacent study plots with vegetation <15 cm in height. Our findings warrant more studies on Richardson's Ground Squirrels inhabiting fields with short and tall vegetation to determine whether differences in population densities are due to differences in birth and death rates or immigration and emigration.
Drought is a chronic concern in the Canadian prairies (Liu et al. 2004) , and, according to Phillips (2002) , it had never been as serious or extensive as in 2001. Drought depresses plant growth (Heath et al. 1973; Glickman 2000) and creates ideal conditions for Richardson's Ground Squirrels (Urocitellus richardsonii, changed from Spermophilus richardsonii on the basis of craniometric analyses by Helgen et al. 2009 ), which prefer to establish their burrow systems in fields with shorter vegetation and good visibility (Yensen and Sherman 2003) .
Across the prairies, soil zones are classified as Brown, Dark Brown, or Black according to the type of chernozemic soils dominating the particular zone (Figure 1 ), i.e., the amount of soil organic matter content and color of the surface soil horizons (Pennock 2005*; Fuller 2010) . In the northern regions, soils that have somewhat lighter-coloured surface horizons than the Black soils are classified as Gray (Figure 1) , and are characteristic of soils developed in a transitional environment between grassland and forest (Pennock 2005*) . On the basis of telephone interviews, the Provincial Council of Agriculture Development and Diversification Boards and the Sustainable Production Branch, Saskatchewan Agriculture and Food (2001*) concluded that soil zones have a bearing on the distribution of Richardson's Ground Squirrels in the province: Richardson's Ground Squirrels were more common in the Brown and Black soil zones, and they were less frequent in the Dark Brown and Gray soil zones.
It appears that vegetation height can also have an impact on the density of Richardson's Ground Squirrels. In Alberta, Downey et al. (2006) found that Richardson's Ground Squirrels avoided pastures with grass >30 cm in height.
The first objective of this study was to determine the distribution of Richardson's Ground Squirrel populations across the soil zones of Saskatchewan during a drought period and the relative density of each population. Since warm weather and low precipitation were common throughout Saskatchewan from 2001 to 2009 (Proulx 2010) , we expected that vegetation would be short in grasslands and pastures in all soil zones and we hypothesized that Richardson's Ground Squirrels would be abundant throughout the agricultural region of the province. The second objective was to correlate the relative densities of Richardson's Ground Squirrels in fields with different vegetation heights within a single soil zone. We hypothesized that Richardson's Ground Squirrels would be relatively more abundant in fields with shorter vegetation.
south of 54°N and is confined to 265 691 km 2 , or 40.8% of the land mass of Saskatchewan (Harrison 2000*) . We conducted our study in four soil zones (Figure 1) , from the southernmost Brown soil zone, with warm temperatures, lack of moisture, and lack of organic matter, to the most intensively cultivated Dark Brown soil zone, the productive Black soil zone with high moisture levels, and the cooler Gray soil zone (including graywooded soils) with a shorter growing season (Harrison 2000*) .
There were insufficient data in 2008 to allow a thorough assessment of the impact of vegetation height on Richardson's Ground Squirrel population densities. This assessment was therefore continued in 2009 and 2010, within the Brown soil zone only, in grasslands near the towns of Kincaid, Hazenmore, Aneroid, Ponteix, and Cadillac, in southwestern Saskatchewan (Figure 1) .
Study plots corresponded to mixed grasslands of Crested Wheatgrass (Agropyron cristatum), brome (Bromus spp.), Slender Wheatgrass (Elymus trachycaulus), and alfalfa (Medicago spp.). Vegetation ≥15 cm in height interferes with the sight lines of Richardson's Ground Squirrels walking or feeding on the surface (Proulx, unpublished data) . We therefore located study areas in grasslands with short (on average, <15 cm) and tall (on average, ≥15 cm) vegetation that were adjacent to each other, i.e., with borders touching each other or separated by a gravel road within the same quarter section. Grasslands with tall vegetation had not been grazed for more than two years, except in Aneroid, where the grassland was subject to short periods (i.e., seven days) of rotational grazing, but vegetation was always ≥15 cm high.
Methods

Distribution of Richardson's Ground Squirrels according to soil zone
Between 17 May and 15 June 2008, we investigated the distribution and abundance of Richardson's Ground Squirrels. Twelve rural municipalities were randomly selected for field investigations in the four soil zones (Figure 1 ): three in the Brown soil zone, three in the Dark Brown soil zone, three in the Black soil zone, and three in the Gray soil zone. Since Richardson's Ground Squirrels are more frequent in forage fields and pastures (Provincial Council of Agriculture Development and Diversification Boards and Saskatchewan Agriculture and Food 2001*), we selected three hayfields or pastures in each rural municipality where farmers had complained to local administrators about high densities of Richardson's Ground Squirrels. In each field, we estab-lished one study plot of 70 m × 70 m (0.49 ha) in the southwest corner. In total, 36 study plots (9 per soil zone) were inventoried.
We determined relative densities of Richardson's Ground Squirrels with visual counts, i.e., using binoculars, we recorded the number of adult Richardson's Ground Squirrels in each study plot in three scans of 3 minutes each separated by an interval of 5 minutes (Bourne et al. 2002; Johnson-Nistler et al. 2005) . We initiated surveys after sunrise and completed them before 1000 hours every morning. To minimize the number of variables affecting counts, the same observer, situated approximately 25 m from the border of the study plot, conducted all the scans. The scans were conducted under similar environmental conditions from day to day to avoid a variation in Richardson's Ground Squirrel activity associated with weather (Bourne et al. 2002) . For each study plot, we retained the highest number of Richardson's Ground Squirrels counted among the three scans (Fagerstone 1984) .
We also counted the number of Richardson's Ground Squirrel burrow entrances located within 30 cm of each side of the perimeter of the study plots. Only entrances that were well opened and without collapsed dirt or vegetation growing in the entrance were counted (Schmutz and Hungle 1989; Finger et al. 2007*) . Therefore, for each study plot, we tallied burrow entrances along a transect 280 m in length.
Densities of Richardson's Ground Squirrel burrow entrances according to vegetation height
We carried out field investigations from 5 to 20 May 2009, when all adult Richardson's Ground Squirrels had emerged and most juveniles had not yet emerged, and from 15 to 28 May 2010, when all adults and many juveniles were active above ground. We selected five study areas where grasslands with short and tall vegetation were adjacent to each other. We used the average of 15 measurements taken randomly across grasslands to classify the vegetation as short (<15 cm) or tall (≥15 cm). We established three study plots of 0.49 ha each in each grassland. The study plots were equidistant from each other and from the border of the grassland; they were >10 m from the borders of the grassland, and each study plot was ≥10 m from the other two study plots.
Because we were able to establish a strong correlation between visual counts of Richardson's Ground Squirrels and counts of burrow entrances in the study, we proceeded to compare the density of Richardson's Ground Squirrels among grasslands with the number of burrow entrances/0.49 ha. Burrow entrances were inventoried by five people walking 5 m abreast up and down study plots. For each grassland, we averaged the number of burrow entrances in the three study plots.
Data analyses
We used analyses of variance followed by a Tukey's honestly significant difference test to compare mean densities of Richardson's Ground Squirrels and burrow entrances between soil zones (Zar 1999) . For 2008, because of the small number of study plots with vegetation ≥15 cm high, the sole influence of vegetation height, i.e., without the influence of soil, on the abundance of Richardson's Ground Squirrels could not be determined. Independent of the soil zone, the mean density of burrow entrances in grasslands with vegetation <15 cm high was compared to the mean density of burrow entrances in grasslands with vegetation ≥15 cm high with a Student t-test (Dixon and Massey 1969) .
For 2009 and 2010, we also compared the mean densities of Richardson's Ground Squirrel burrow entrances/0.49 ha in grasslands with short vegetation and grasslands with tall vegetation. However, field observations indicated that Richardson's Ground Squirrel population densities varied considerably within the Brown soil zone, i.e., a low density of Richardson's Ground Squirrels within one quarter section can be considered high in another one (Proulx, unpublished data) . For this reason, paired sample t-tests were also used to compare the mean densities of Richardson's Ground Squirrel burrow entrances/0.49 ha in adjacent grasslands with short and tall vegetation (Zar 1999) . Each datum in a study plot with short vegetation was correlated with only one datum in a study plot with tall vegetation.
Simple linear regression models were used to determine the relationship between counts of burrow entrances and visual counts of Richardson's Ground Squirrels, and between counts of burrow entrances and vegetation height. Probability values P ≤ 0.05 were considered significantly different.
Results
Distribution of Richardson's Ground Squirrels according to soil zone
The average number of Richardson's Ground Squirrels/0.49 ha differed significantly (F 3,32 = 4.02, P < 0.05) among soil zones. Average densities of Richardson's Ground Squirrels were similar (P > 0.05) in the Brown and Black soil zones (Figure 2) . However, the average number of Richardson's Ground Squirrels/0.49 ha in the Brown soil zone was significantly (P < 0.05) higher than in the Gray and Dark Brown soil zones. There was no significant difference (P > 0.05) between the average numbers of Richardson's Ground Squirrels/ 0.49 ha in the Black, Gray, and Dark Brown soil zones (Figure 2) .
The average number of Richardson's Ground Squirrel burrow entrances/280 m of transect differed significantly (F 3,32 = 3.3, P < 0.05) among soil zones. The mean number of entrances was significantly (P < 0.05) greater in the Brown soil zone than in the other soil zones (Figure 3) . The mean number of entrances was also significantly (P < 0.05) greater in the Black soil zone than in the Gray soil zone. The mean number of entrances/280 m of transect in the Dark Brown soil zone was similar (P > 0.05) to those in the Black and Gray soil zones (Figure 3) . A significant linear (n = 36, r = 0.93, P < 0.001; statistical power: 1.0) relationship (y = 3.680 + 4.021x; r 2 = 0.86) existed between visual counts of Richardson's Ground Squirrels and counts of burrow entrances (Figure 4 ).
Visual and burrow entrance counts vs. vegetation height in 2008
Seven study plots had a vegetation height ≥15 cm: 2 in the Brown soil zone, 4 in the Dark Brown soil zone, and 1 in the Black soil zone. The other 29 study plots in the four soil zones had a vegetation height <15 cm. The average number of Richardson's Ground Squirrels/ study plot with vegetation ≥15 cm high (x -= 1.1 animals, SD 1.1) was significantly (t = 3.11, P < 0.005) smaller than that of study plots with vegetation <15 cm high (x -= 3.8 animals, SD 4.1). The average number of Richardson's Ground Squirrel burrow entrances/ 280 m of transect in study plots with vegetation ≥15 cm high (x -= 9.1 entrances, SD 6.7) was significantly (t = 2.36, P < 0.05) smaller than in study plots with vegetation <15 cm high (x -= 18.9 entrances, SD 17.7).
Burrow entrance counts vs. vegetation height in 2009 and 2010
On average, the number of Richardson Ground Squirrel burrow entrances/0.49 ha was significantly higher in grasslands with vegetation <15 cm high (n = 5, X --= 243.7 entrances, SD 104.6) than in grasslands with vegetation ≥15 cm high (n = 5, X --= 95.9 entrances, SD 69.2). Within paired study plots, the mean density of Richardson's Ground Squirrel burrow entrances was consistently larger (1.5 to 7 times) in short vegetation (Table 1 ). There was a significant mean difference (n = 5, X --= 147.8, SE 34.4) between the paired densities of Richardson's Ground Squirrel burrow entrances in study plots with short vegetation and in study plots with tall vegetation (t = 4.4, P < 0.005). A significant linear (n = 10, r = 0.7, P < 0.05; statistical power: 0.65) relationship (y = 294.9 − 6.7x; r 2 = 0.49) existed between burrow entrance counts and vegetation height ( Figure 5 ).
Discussion
Short vegetation was found across the agricultural region of Saskatchewan, and Richardson's Ground Squirrel populations were found in all soil zones. How-
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THE CANADIAN FIELD-NATURALIST Vol. 126 Our field observations from 2008 suggested a difference in the densities of Richardson's Ground Squirrels associated with vegetation height, i.e., lower densities when vegetation height was ≥15 cm. It could be argued that it was more difficult to detect Richardson's Ground Squirrels in fields with tall vegetation than in fields with shorter vegetation, but burrow entrance counts supported our visual counts. Because many factors have an impact on Richardson's Ground Squirrel population densities within a single soil zone, namely predation (Proulx and MacKenzie 2012) and agricultural practices (Proulx 2010; Proulx et al. 2010) , vegetation height explained only 50% of the total variation in the relative density of Richardson's Ground Squirrel burrow entrances.Therefore, pairing adjacent fields with different vegetation heights was necessary to assess the 108 THE CANADIAN FIELD-NATURALIST Vol. 126 Persistence of burrow entrances from the previous year could lead to an overestimation of densities (Van Horne et al. 1997) . On the other hand, since all the study plots were located in the same quarter sections and were subject to similar environmental conditions, the relative persistence of entrances would be similar among study plots. Contrary to other studies (e.g., Van Horne et al. 1997) , the burrow entrances of Richardson's Ground Squirrels in our study area could be reliably distinguished from those used by other small mammals, because there were no other species that would dig burrow entrances similar to those of the Richardson's Ground Squirrel. In 2009, our surveys missed the peak of juvenile activity and the resulting increase in the digging of burrow entrances. In 2010, the increase in burrow entrances likely reflected the presence of juveniles, but such an increase would have occurred proportionally with the original breeding population of all study plots.
Richardson's Ground Squirrels prefer fields with shorter vegetation and good visibility (Yensen and Sherman 2003) , and dry soil types are associated with poor vegetation growth (Heath et al. 1973) . It is therefore not surprising that Richardson's Ground Squirrels were more abundant in the relatively drier Brown soil zone, particularly in fields with vegetation <15 cm high. However, our findings warrant more studies on Richardson's Ground Squirrels that inhabit fields with short and tall vegetation to determine whether differences in population densities are due to differences in birth and death rates or immigration and emigration.
